Introduction.
Many genes are likely to be involved in the complex process of reproduction [1] . The main genetic causes of male infertility are microdeletions in the Y chromosome (AZF region) connected with oligozoospermia or azoospermia. Infertility, or at least subfertility, in males with Cystic Fibrosis (CF) was first suspected in the 1960s. Abnormalities in semen parameters have also been identified in males with CF and CBAVD (congenital bilateral absence of the vas deferens) [2] . It were suggested that the frequency of CFTR (cystic fibrosis transmembrane conductance regulator) gene mutations in infertile males was significantly higher than the expected CF carrier frequency in the general population [3] .
The CFTR gene contains 27 exons encompassing 180 kb of DNA on chromosome band 7q31.2. The CFTR gene encodes a transmembrane protein that forms a cAMP-regulated chloride channel. It is expressed in epithelial cells of exocrine tissues, such as the lungs, pancreas, epididymal glands, vas deferens and seminal vesicles [4] . Three length variations of a polythymidine tract within the splice acceptor site in the introne 8 of the CFTR gene (GenBank accession no. M55106) have been associated with variable efficiency of the exon 9 splicing [5] .
The most frequent CFTR mutation conferring a mild phenotype found in CBAVD patients is the IVS8-5T allele [6] . IVS8-5T is one of the alleles found at the polymorphic nT locus in the intron 8 of the CFTR gene. A stretch of 5, 7, or 9 thymidine residues is found at this locus. Less efficient splicing occurs when a lower number of thymidines are present, resulting in the CFTR transcripts that lack the exon 9 sequences [7] .
Alternatively, the spliced CFTR transcripts lacking the exon 9 sequences are found in any individual, but the extent varies depending on the alleles present at the nT locus. In individuals homozygous for the IVS8-5T allele up to 90 % of the CFTR transcripts lack the exon 9 [7] . It has been shown that the CFTR transcripts lacking the exon 9 sequences result in the CFTR proteins that do not mature [8, 9] . The IVS8-5T variant produces a lower level of the normal CFTR mRNA transcripts than the 7T and 9T alleles and is associated with disseminated bronchiectasis, CBAVD and epididymal obstruction [7] . In addition to the classic CFTR mutations, up to 40 % of CBAVD patients show the IVS8-5T allele, that is five thymidines tract within the intron 8 [6, 10, 11] , which results in a reduction of the CFTR gene splicing efficacy [7] .
The aim of this study was to establish the association between the IVS8-5T allele and defects of spermatogenesis. For this we analyzed the IVS8-nT CFTR gene polymorphism in infertile men.
Materials and methods. The analysis of the IVS8-nT polymorphism of the CFTR gene was performed in 330 infertile men from Ukraine (113 with azoospermia -no sperm found in the ejaculate even after centrifugation and 217 with oligozoospermiasperm count < 20 million/ml). All patients from «ISIDA-IVF», «NADIJA» clinics and Institute of Genetics and Reproduction were involved in ICSI (intracytoplasmic sperm injection) program. The control group consisted of 150 fertile men of proven fertility (have fathered at least one child each, paternity being proven). Blood samples (5 ml) from both infertile and fertile men were collected after their informed written consent.
DNA was extracted out from the peripheral blood leukocytes by standard phenol-chloroform extraction methods using proteinase K («Fermentas», Lithuania) [12] . For DNA extraction and purification we used eppendorf centrifuge 5415C («Eppendorf», Germany).
The CFTR mutation analysis was performed for 6 mutations: delF508, CFTRdele2,3 (21kb), N1303K, R117H, 1677delTA and 621 + 1G-T as previously described [13] .
For the IVS8-nT polymorphism the PCR amplification was performed with specific oligonucleotide primers, as described by Chillon M. et al. [6] . The PCR reaction was performed in a final volume of 25 ml containing 1 ´ PCR buffer, 1.5 mM MgCl 2 , 200 ìM of each dNTP, 1 mM of each primer, 0.2 units of Taq-DNA polymerase («Fermentas», Lithuania) and 200 ng of the DNA template.
The cycling conditions for the IVS8-nT polymorphism were as follows: initial denaturation at 96 °C for 4 min up to 5 cycles, consisting of denaturation at 96 °C for 40 s, annealing at 66 °C for 40 s, extension at 72 °C for 1 min 50 s, up to 23 cycles, consisting of denaturation at 95 °C for 30 s, annealing at 64 °C for 40 s, extension at 70 °C for 1min 30 s, and final elongation step at 72 °C for 3 min. For these experiments Applied Biosystems GeneAmp PCR system 2720 Termal Cycler («Applied Biosystems», USA) was used. Electrophoresis of the PCR products was performed in 1.8 % agarose gel.
For fragment analysis of the IVS8-nT polymorphism in an automated laser fluorometer «A.L.F.-express» («Amersham Pharmacia Biotech», Sweden) the Cy5-labeled PCR products were used. The PCR fragment analysis was performed using the Fragment Manager Computer program (Fragment Manager Software V2.1, «Amersham Pharmacia Biotech») (Fig. 1) .
The statistical analysis was performed using Genepop software [14] . Differences were considered significant at P < 0.05 value of Fisher exact test.
Results and discussion. Genotypes and allele frequencies of the IVS-nT polymorphism analyzed among 330 infertile men are presented in Table. In the patients' group of we have found 21 individuals with the IVS8-5T allele in compound heterozygosity with the IVS8-7T and IVS8-9T alleles. Two patients were identified as homozygous for the IVS8-5T allele. In the control group we have found 4 individuals with the IVS8-5T allele in compound heterozygosity with the IVS8-7T and IVS8-9T alleles. One patient was identified as homozygous for the IVS8-5T allele.
It is important to note that genotypes which included the IVS8-5T allele were significantly prevalent (P < 0.01) in patients with azoospermia (9.7 %) compared to the control group (3.3 %) (OR = 3.128, 95 % CI 1.055-9.275). The frequency of the IVS8-5T allele among infertile males was 3.8 %, 1.9-fold higher than in the controls (2.0 %). A statistically significant difference (P < 0.05) was observed in the frequency of the IVS8-5T allele in azoospermia patients (5.3 %) when compared with the control group (2.0 %) (OR = 2.748, 95 % CI 1.015-7.437).
This increased IVS8-5T allele frequency in men with azoospermia suggests that the CFTR protein could be involved in the process of spermatogenesis or sperm maturation. It could also play a crucial role in the development of the epididymis glands and the vas deferens [15] .
The IVS8-5T allele is known to give rise to an aberrantly spliced mRNA that mostly lacks the exon 9. Such anomalous mRNA is translated into the abnormal CFTR protein which cannot function as a Cl -channel. Therefore, men with the IVS8-5T variant in the noncoding region of the gene would produce low level of normal CFTR protein in the epididymis, especially in homozygous mutant individuals [16] . Chillon showed that the IVS8-5T allele was significantly more frequent in the chromosomes of patients with CBAVD than in the European general population [6] .
In our study the proportion of the men with azoospermia (part of which may have undiagnosed CBAVD) who had the IVS8-5T allele (9.7 %) was higher than that in the European general population (5.2 %), and in our control group (3.3 %). Approximately the same percentage of the IVS8-5T allele carriers was found in the men with CBAVD from different countries [17] . Also, it has been shown that mutations of the CFTR gene expressed in the proximal epididymis can lead to agenesis of the distal epididymis and vas deferens [18] .
The results of CFTR gene mutation analysis performed in the group of infertile males (n = 330) show that the delF508 mutation was found in 16 patients (4.8 %), CFTRdele2,3 (21 kb) in 2 patients (0.6 %) and R117H in 1 patient (0.3 %). It is important to note that the R117H mutation was not found either in the general population or in the group of CF patients from Ukraine [13] . Therefore, the frequency of CFTR gene mutation carriers in the azoospermia group (n = 113) was 10.6 %. The frequency of CFTR gene mutation carriers in the infertile men (n = 330) was 5.8 %. In our previous study we showed that the total frequency of the CFTR gene mutations in Ukrainian population (n = 621) was 0.97 % [13] . It is significantly lower (P < 0.01) than in the group of men with spermatogenesis failure (n = = 330).
It has been shown that the compound heterozygotes for the IVS8-5T allele and other CFTR mutation display a variable phenotype, ranging from normal to male infertility or nonclassic CF [17] . For example, when the IVS8-5T allele is found in the compound heterozygosity with a severe CFTR mutation, or even the IVS8-5T allele, the pathology such as CBAVD was observed. The IVS8-5T allele, in combination with a 
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Azoospermia group, n = 113; oligozoospermia group (n = 217); infertile group (n = 330); control group (n = 150) single mutation in the other chromosome, is common in CBAVD and accounts for the observed Wolffian duct abnormalities [19] . However, not all males who are compound heterozygous for the severe CFTR mutation and IVS8-5T allele develop CBAVD. In our study four patients (1.2 %) with azoospermia and oligozoospermia have the CFTR mutation in combination with the 5T/7T and 5T/9T genotypes. Therefore, the results of this study confirm that the IVS8-5T allele can be classified as a disease mutation with partial penetrance [20] and a high risk genetic variant for male infertility. This suggesting is quite possible since the level of the CFTR gene expression is very high in the cells from different departments of male genital.
Conclusions. The prevalence of the IVS8-5T allele (P < 0.05) and the CFTR mutation in males with azoospermia, suggests that the CFTR protein may play a crucial role in the spermatogenesis and/or sperm maturation, independently of its functioning in the development of epithelial ducts such as the vas deferens.
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